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This presentation was produced with the financial support of the Ministry of Transport within the programme of long-term conceptual development of research institutions. Some of the data used
in this presentatiton was obtained from the C-ZONE project (CK01000037) supported by Technological Agency of the Czech Republic within the programme Doprava 2020+.
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Improving work zone safety with digitization
and C-ITS

Contents

* Introduction and C-ZONE project overview

e Temporary traffic management model
 Dynamic temporary traffic management updating
e ,Smart cone” concept

e Other (C-)ITS tools for improving work zone safety
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Improving work zone safety with digitization
and C-ITS

Project C-ZONE

 New central digital registry of temporary traffic management (TTM)
* Motivation

* Providing machine readable TTM data for:
e Autonomous vehicles
e C-ITS
* Navigation
e Impact prediction
 Work zone coordination
* Digizitation and process optimization
* Multiple practical and process issues with current obsolete system
e Partial inspiration from US WZDxm, UK NOMS or Dutch SPIN information systems
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Improving work zone safety with digitization

and C-ITS
Project C-ZONE
* Fully digital application and approval

process

* New machine-readable description of
road geometry and characteristics
orgTTM

Sha, W= ey e eTTM = orgTTM + supplementary files

[SW system]

* Impact modelling

Designer : | . A Traffic engineer
{Person] . : [Person]

e Public data sharing via multiple
channels

e orgTTM -> DATEX Il, C-ITS (DENM)
* Web app view

Creates TTM ng ot L ) Assesses TTM impact
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Improving work zone safety with digitization
and C-ITS

TTM registry

Highway authoriy

Relevant entity
or]

e Client application — create work zone LS

 Map application — visualize work zones & —

e Impact modelling tools — provide e .
automatic impact evaluation and Gy — (VESSS . me—
further guidance and warnings hmn:fmm e

* Analytic tools — performance — SRl
evaluation, statistics

e Export/import APIs
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Improving work zone safety with digitization

and C-ITS
s orgTTM
fﬁ/ e Created in client web application incl.
&,»-“f‘f ,,,,,,,, = map/ortophoto for visualisation
q’fl = - e Using GlobalNetwork or simlar
| _ GRS | o network data for network geometry
f o ' and routing

R * Define stages with dates etc.

Jizdni charakteristiky segmentu

. by e Split carriageways into segments with
' | constant parameters

 Define lane parameters
e SavedinorgTTM
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Improving work zone safety with digitization

Nezideny JP v plvodnim 4. Nezideny [P v pincodnim
uspofadani - uspofidini - stfidavy provoz
and C-ITS "
=
]
Zhdeny |P v plvodnim 4 Zideny |P vedeng protismirem
uspoFidini . - sthidavy prover
orgTTM " "
Uzavieny |P 4 Zizeny |P v plvodnim
H uspotadéni - stfidavy provos
L2

* Lane-level data for navigation, impact xo :
modelling, and automatic alarms I o P '\ o |
B

* Incl. simplified temporary roads

Zazeny |P vedeny Lizeny P - piejexd SDP
protismérem
11

Nemideny I vedeny
protismérem - stifdavy
provoz

e eTTM used for TTM approval process

e Published along with application at
the latest -> easier coordinaiton

Kolize pro uzavirku Omezeni na 379
Generovino 26. 1. 2023 22:17:42 - 26. 1. 2023 22:17:43

|
| Varovéni pro omezeni etapy Etapa 1:

1 N 1 N 1 N : 1N 1 N | 1. & v misté planovaného dopravniho omezeni je pro zadany Eas ji schvélena objizdna
M Event Phase Mode Carriageway Segment Lane | trasa jiného omezeni. Kolize (uzavirka: Omezeni na 379, etapa: Etapa 1, jizdni pas: JP 1) 5
T {uzavirka: Uzavirka Vohandice (Tifnov), etapa: Etapa 1, objizdné trasa: Objizdna trasa pro
N M N:M l viechna vozidla)
! | 2 & Vv misté plinovaného dopravniho omezeni je pro zadany Eas jiZ schvilend objizdné
Workplace ‘ Detour ‘ ‘ Parameters ‘ | trasa jiného omezent, Kolize irke: Omezeni na 379, etepa: Etapa 1, jizdni pés: JP2} s
(uzavirka: Uzavirka Vohanice [Tisnov), etapa: Etapa 1, objizdné trasa: Objizdné trasa pro

viechna vozidla)
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Improving work zone safety with digitization
and C-ITS

Impact on road safety

e Better coordination -> reduced delays -> reduced stress, aggression, accident risk

e Large machine-readable database -> research -> improved design rules

e Advance warning for drivers (navigation, C-ITS)

* Enhanced reliability of autonomous vehicles around TTM

* |Impact prediction -> reduced delay, improved travel time reliability -> reduced stress

e But... plans # reality?!
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Improving work zone safety with digitization
and C-ITS

Dynamic TTM updating
* Motivation
e Schedule changes
* Construction etapes
e Extended TTM realisation windows
* Mobile app and/or smart cone real-time status updating
 orgDIO includes ,,modes”
e Regularly changing or unique TTM alternatives within one etape
e Time-table or manual switching in an app
* End users recieve current information about TTM
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Improving work zone safety with digitization

00— omey | Schéma C/6 and C-ITS

~V| S, b, it
o Zoon; e pfsaecen ”

| | — Smart , cone
| A i S e First/last cone or pole to be used in
oo S > % . . .

work zone (in each direction)
0z » @ .
v | e C-ITS, GSM, and GNSS equipped

" e Optional Wi-Fi/BT for local connection

podélng uzévéra oboustrannymi
smérovacimi deskami

* Updates TTM status into TTMreg
e Beacons its real-time position

n. 3,00

min
B\ W\ \Y

e Controlled via mobile app

* Provides 12V advance warning to
incoming vehicles using ,traces” and
DENM

578 ogau
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Improving work zone safety with digitization
and C-ITS

Schema D/23

Smart ,cone”

e C-ITS beacons in mobile traffic signs or
maintenance vehicles

e Particularly useful for mobile work

HML pojizdna uzavirkova tabule typu |
zones AN
 End of work zone optional <&

e Especially trucks tend to crush into
maintenance vehicles and mobile signs

|
|
|
e Safety of workers :
[ s".‘ar: b 5 1 fedbé? istrah
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Improving work zone safety with digitization
and C-ITS

Other potencial (C-)ITS
equipment for work zones
R  Portable variable traffic signs with VSL

i B8  F and congestion warning
r. %. I. F.
* Speed harmonisation and
= . = - reduction
ﬂ ﬂ ﬁ T a — * Advance warning

e Several measurement and
variable traffic sign profiles
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Improving work zone safety with digitization
and C-ITS

Other potencial (C-)ITS equipment for work zones
e Movement detection sensors in mobile guard rails on freeways
* |Immediate warning to service workers
* Potential connectivity to mobile VSL/VMS
e Standing vehicle detection within work zone
e C-ITS-based clearance detection in shuttle work zones

e Detection of active workers within work zone (app, smart vest, etc.) and C-ITS warning
to vehicles
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Improving work zone safety with digitization
and C-ITS

Other potencial (C-)ITS equipment for work zones
e Freeway flow metering using controlled moving bottlenecks (Ci¢i¢ et al. 2020)
* In-vehicle speeding alerts via 12V ahead or in work zone
e Other ,common” tools
* Portable average section speed control

¢ Enforcement + travel time information

* Vehicle gap measurement (and enforcement)
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Improving work zone safety with digitization
and C-ITS
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Improving work zone safety with digitization
and C-ITS
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Improving work zone safety with digitization
and C-ITS
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Improving work zone safety with digitization
and C-ITS
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